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Abstract 
 

Conventional hardware radio devices use many filters, mixers, 

modulators/demodulators, amplifiers etc., while the evolved Software 

Defined Radio (SDR)technology perform all these functionalities with the 
help of software on an embedded system. The essential and power consumed 

functionalities like IF up/down conversion, baseband conversion andmany 

signal processing tasks are performed using FPGA with integrated software 

functions. These FPGA’s must manage increased process and operations 
resulting in more power consumption. The power consumption could be 

either static, dynamic or interface based and needs to be considered while 

designing a SDR system. We have proposed a power effective detection 
algorithm for OFDM signal as OFDM is widely employed in modern day 

communication devices. The entire radio reception is performed with low-

cost RTL-SDR device, which can receive radio signals over the spectrum 

range of 24-1766 MHz We have analysed the major issue of power handling 
capacity in RTL-SDR, thereby proposing this novel low-complexity detection 

algorithm. We have used the audio signal transmitted from the regular radio 

station of our geographical area encoded on multiple carrier frequencies 
using Orthogonal Frequency Division Multiplexing technique (OFDM). The 

detected signal is analysed under severe channel conditions at different 

scenarios with different radio stations. This framework provides efficient 
implementation of modified Low-Density Parity-Check (LDPC) encoding 

and decoding technique, with lesser power consumption and higher data rate. 

The performance of whole system is analysed in MATLAB, which shows us 

the performance improvement with the proposed SDR structure. The result  
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shows the complexity and power requirement is optimal for this RTL- SDR 

device to uplift many practical applications  
 

Keywords: FPGA, Realtek 2832U tuners, LDPC, OFDM, Modulation, 

power optimization, Response time, SDR, leakage power and threshold. 

 
1 Introduction 

 
Software defined radio technology helps in reconfigurability which is 

one of the important parameter in the communication systems involving 

radio. In this technology, software is used to modify the system parameters 

during run time which helps to reconfigure the hardware. The basic blocks 
involved in software defined radio is shown in fig 1 below: 

 

 
Figure 1. Block diagram of OFDM based Software Defined Radio 

 

Power consumption of FPGA’s that are used in the implementation of 

hardware portions are a major bottleneck with SDR systems. Though it is a 
common problem across embedded system technologies, here we discuss 

majorly about static power, dynamic power and interface I/O power along 

with the methods to optimize the same. Increasing leakage power with small 
IC’s are an industry wide problem. 

While architecture refers to the high-level decisions about the hardware 

overall structure, micro architecture refers to lower-level implementations 

about the hardware. Pipeline depth register allocation and data path structure 
decisions are usually taken care at the implementation stage using RTL or 

HLS. We propose to implement multiple RTL architectural models based on 

branch and bound method, which helps to find the performance, power, and 
area trade-offs they all represent. We take variable transmissions and 

interference ranges into consideration, which can be applied for any broad 

class of power optimization problems. The power optimized silicon processes 

along with the proposed LDPC methods helps to reduce the power 
consumption and leakage power considerably and the MATLAB 
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implementation also shows us the same. RTL-SDR is the receiver software 
for dongles that are based on the Realtek RTL2832U chip. It provides us the 

command line utilities for various functionalities and helps us greatly in 

validating our proposed techniques. 
Channel capacity characterizes the communication channel that is used 

to transfer of information. We can transmit information over this channel 

reliably if and only if the information bits by the channel use are less than 

this channel capacity. This is represented in fig 2 below: 
 

 
Figure 2. Ideal communication system with added noise in the channel 

If channel capacity is a code with the rate R>C, then the error probability 

in the decoder is more and it’s not possible to have a reliable communication. 
Finding good codes is hence a big challenge added with the randomness, 

large block length and optimal decoding leading to complexity with more 

power consumption as well. Pseudorandom codes are one solution and the 

state-of-the-art solution involves using LDPC codes. In this work, we have 
taken about implementing this LDPC codes in a more optimized way which 

helps to save power and improve efficiency. 

 

2 Related Work 
 

Realtek RTL2832U based demodulator chips are available in the market 
from as early as 2010. Originally designed for digital television receiver, it 

has also started supporting software defined radio mode. Smaller size, lower 

price and wide frequency range support are the main advantages of RTL-
SDR. MATLAB/Simulink has started supporting this interface with packages 

starting from release 2013b.  

There are many works in the literature that presents the framework for 
design and development SDR on FPGA platform with improved performance 

and reduced error rate but power consumption is not much discussed or 

efficient solutions for optimizing power are still not available which made us 

to take up this work for research. 
David Pursley and Tung-Hua Yeh through their work [1] provides a 

high-level low power method that enables designer to identify the most 

power efficient architecture for the application. They identify multiple 
architectures and they are all evaluated for different factors like performance, 
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power and area. Among the identified architectures, the best one would be 

taken up for implementation in RTL. This is shown in fig 3 below: 
 

 
Figure 3. Ideal flow from algorithm and architecture selection to implementation[1] 

 
Majid SalalNaghmashhas proposed a HDL optimization method [2] 

under QAM scheme to use for SDR receiver. This code is important for the 

implementation of communication system. The circuit responsible for 

automatic gain control provides the efficient frequency offset estimation and 
also controls the system gain. The timing recovery synchronization 

algorithm, phase offset and carrier frequency were optimized in his work. 

VankayalapatiNagaraju, T.Jaya and Arun Raazahave discussed about 
256 M-AryQuartrature Amplitude Modulation and Zero-forcing-beam-

forming (ZFBF) equalizer in their work [3] which helps them to have better 

performance in terms of throughput, improved spectrum efficiency and 
higher range of channel estimation. 

Alexander B. Sergienko et al have detailed USB TV receivers that are 

based on Realtek RTL2832U demodulator [4] to be used as inexpensive 

software-defined radio platform. They have discussed about the 
MATLAB/Simulink support package which helps in interfacing the devices. 

They also presented the RTL-SDR capabilities along with applications which 

are again implemented using MATLAB software.  
Rajalekshmi Kishore, C K Ramesha, George Joseph and 

EshaanSangodkar have analysed the performance of the combined dual stage 

detector by capturing the signals using Realtek (RTL2832U) based Software 
Defined Radio. They have also used MATLAB software to decide on the 

spectrum band availability. Signal to noise ratio is analysed in depth in this 

paper [5]. 
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José A. del Peral-Rosado and team have used a low-cost RF front end 
along with software define radio in order to capture and analyse the real time 

LTE signals that are generated in the lab. The LTE positioning receiver is 

detailed [6] to assess the accuracy in positioning which will be useful for 
commercial LTE deployments. 

B. Kang, N. Vijaykrishnan, M.J. Irwin and T. Theocharides have brought 

out the importance of selecting the DSP processors for SDR system [7]. 

Their simulation results show the power reduction of turbo coding by almost 
28% at the cost of SNR ratio impact marginally. 

While the existing GPU powered LDPC implementations have the 

drawbacks of long latency and low throughput, Guohui Wang, Michael Wu, 
Bei Yin and Joseph R. Cavallaro came up with an approach [19] that has low 

latency and high throughput while decoding on graphics processing units 

(GPU’s). Their solution involves optimization techniques for a parallel 

LDPC decoding method along with algorithm optimization and concurrent 
kernel execution with the help of modern GPU architectures. They achieve 

an aggregate throughput of around 1.25 Gbps over 10 iterations. 

A case study of scalable LDPC decoder is presented by SangwonSeo and 
team [20]. This supports multiple block sizes and multiple code rates on a 

software defined radio platform. They discuss about three different methods 

to improve the throughput performance and could achieve 30.4 Mbps 
throughput while decoding using the proposed algorithms. A household 

energy meter design implemented with FPGA is discussed in [22]. A miller 

encoder based DSRC system is presented in [21]. 

Though many of these existing states of the art methods discussed in 
detail about the throughput improvement and latency reduction, not many 

have proposed solutions for power savings and system performance 

improvement overall which we have touched upon in our work. 
 

3 SDR using Realtek RTL2832U and LDPC codes 
 
A software-defined radio is one which has some or all the functions of 

the physical layer implemented using software. They have the classical front 

end and use a high-speed ADC to digitize the input signal. The DSP 
operations are used for filtering, demodulation, decoding and equalization. 

This brings in more flexibility as any receivers can be implemented using 

software without major hardware changes. Multi core CPU’s with large 
L2/L3 cache and good RAM and USB 2.0 are the minimal HW requirements 

while OS like Windows XP or Linux can be used to implement the software. 

The RTL2832U is a high-performance demodulator with USB2.0 

support [8]. It supports different bandwidth including 6,7 and 8MHz. The 
different modulation parameters like guard interval, code rate etc. are 

automatically detected. We have chosen the most popular RTL2832U for our 

work as it is a DVB-T COFDM demodulator with features like superior 
channel estimation, long echo channel reception, co-channel interface 
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rejection and impulse noise cancellation. The basic block diagram of 

RTL2832U is shown in fig 4. 
 Orthogonal Frequency Division Multiplexing (OFDM) has attracted 

many researchers for applications that involve high-bit-rate data transmission 

like audio data with inter symbol interference. While convolution codes, 

Reed-Solomon codes, Turbo codes etc are more popular for error correction 
that are applied to the OFDM, we stick to LDPC codes which are widely 

used in the field of coding theory. 

 
Figure 4. RTL2832U Block Diagram (Pic Courtesy: SDR Software Defined Radio by Ken 

Dorsey in KA8OAD) 

 
The high peak to average power ratio in the modulation process is one of 

the main issues with OFDM systems [15]. So optimal system selection 

becomes one of the critical requirement for such applications.There are 
various parameters involved in the binary linear block code (C) including: 

K = Number of information bits 

N = Number of code bits 

R = k/n 
Dmin = Minimum distance 

Parity check matrices, which are not unique is used in LDPC codes. The 

number of 1’s in this matrix (H) grows linearly along with the block length. 
It also involves iterative exchange of information for message passing. We 

tend to optimize this whole block with modified algorithms and we discuss in 

detail about the same along with the motivation in the coming sections. 
 

4 Motivation and Novelty behind the Proposed Work 
 
While re-configurability along with flexibility is a major advantage of 

SDR [9], they have their own limitations as well. One such challenge in real 

time signal processing is the high sampling rate and the latency. So, most 

application will need low latency, high bandwidth and low power 
consumption.  
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While implementing the signal detector using FPGA will naturally help 

to reduce the power consumption as most processing if done on a host 

computer will consume more. The second area where most of the power 
consumption happens is during the encoding or decoding process due to the 

complexity involved in implementing them. We also study about the FPGA 

area along with power consumption on the same. MATLAB on the other 

hand helps us to implement and verify the ideas with the packages available. 
The package contains the RTL-SDR receiver which helps with the device 

communication [17]. Many parameters can also be tuned with these blocks. 

Since most of the power in SDR is consumed for signal sensing and 
detection, we prefer to keep it outside the host computer with a dedicated 

hardware. DSP or FPGA algorithms are further used for this purpose on this 

piece of hardware. In summary, we optimize and implement the following 

algorithms for reduced power consumption and increased data rate as well 
achieving the SDR functionality: 

a) LDPC encoder and decoder algorithm 

b) Variance noise from the channel reduction 
We have used “decoder” in the loop concept for implementing the LDPC 

codes which takes the channel, code length and iterations count into 

consideration while optimizing the error rate of the decoder and reducing the 
power as well. Short length LDPC codes are constructed in contrast to the 

traditional implementations which helps us in reusing the portions and 

reducing the iteration counts. We overcome the limitations of the classical 

LDPC codes as they are based on the asymptotic length assumptions, which 
does not hold true in case of the short-length regime. 

 

5 Proposed Methods for Optimized Power Consumption 
 

Spectrum monitoring helps in scanning predefined frequency set and let 

to know the channel occupancy rate along with channel occupancy time 
percentage [10]. Energy detection spectrum sensing methods are deployed 

for this purpose and they rely mainly on power measurements. Cyclo-

stationary detectors, autocorrelation detectors, matched filter detectors etc. 
are the other methods used for energy detection. The traditional energy 

detection techniques as mentioned above are dependent on threshold and are 

very sensitive to noise thereby increasing power and reduced performance. 
We propose to use both DSP and FPGA together where the DSP 

processor provides the platform for implementing the algorithms and 

FPGA’s provides high processing rates thereby acting as an effective co-

processor for the DSP. The energy spectrum sensing can be represented as: 
Y(n) = w(n) under the condition that observed samples = n(t) where n(t) is 

the additive white Gaussian noise                                                                 (1) 

The signal to noise ratio is hence given as: 
SNR = Spower / Npower                                                                          (2) 
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Here Spower represents the signal power and Npower refers to noise 

power. When there is no deterministic knowledge about the input signal x(n), 
is available, the decision model is also going to be tricky only.  

With the help of FEC coding, the SNR value can be significantly 

improved without compromising on the SDR performance as well. This in 

turn leads to lower transmission power. The Low-Density Parity-check 
(LDPC) code is the most preferred among them and we use the same in our 

work. It is a method of message transmission over a noisy channel. These are 

linear codes that are obtained from sparse bipartite graphs and this property 
allows for the algorithmic efficiency of LDPC codes. The current 

implementations of LDPC codes suffer from long latency and low 

throughput which pushes the need for an optimized LDPC algorithm which 

in turn is essential for SDR applications.  
The LDPC codes are generally represented by parity check matrix H. It 

is of size 255*255. The submatrix Hp which is a “dual-diagonal” matrix is 

given by: 
 

                                                               (3) 

A decoder on the other hand for a longer code will require more 

resources increasing the power consumption. Latency also increases due to 
the same fact. We reduce the bit width of the decoder which in turn will help 

to reduce the overall area and thereby reducing the power consumption. The 

overall SDR architecture is shown in fig 5. The modified LDPC encoder and 
decoder to achieve this low power consumption is explained as follows. 

 

 
 

Figure 5. SDR Architecture with LDPC encoder module inside 

5.1 LDPC Encoder 
 
The LDPC encoder belongs to the transmitter model as in fig 5. The 

OQPSK represents the symbol mapping block. These both are implemented 

using the tools in the HDL coder / MATLAB while the other models are 
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designed using Simulink blocks. The on-board computer or PC is used to 
generate the audio data bits that is sent further to the FPGA using the 

Ethernet interface. 

The LDPC encoder block will apply the LDPC encoding methodology to 
a binary input message [11]. These LDPC codes are linear error control 

codes that contains parity-check matrices and long block lengths. During the 

process of encoding, the input audio data is repeated and given to constituent 

encoders set [12]. Each of them in turn will generate a parity symbol. The 
encoding process can be realized by: 

          (4) 

Here P represents the parity check, d corresponds to the information bits.  

When the Parity check is calculated, we need the value of the former 
check and the related nodes. The accumulators which are present in the 

constituent encoders are reused hence. So, once the parity bits are generated, 

the same hardware is used to generate the next set and so on. We optimize 
this XOR operations in such a way that only fewer operations are required 

when compared with the traditional LDPC encoding. The encoder is 

represented in fig 6 below: 

 

 
Figure 6. LDPC Encoder block diagram 

The modified LDPC encoder algorithm works as follows: 

Input: Information bits or the message signal represented as a K-by-1 

column vector encompassing binary-valued elements. 
Output: LDPC Code word represented by N-by-1 column vector. 

Process: 

a. Find the column 1,…n of the original parity check matrix 
b. Place this identified column at the position n 

c. Permute the rows 

d. All “ones” in column now appear at the bottom 

e. Search and place the column at position n-1 instead of repeating 
the same computation 

f. Repeat the steps until we reach the first row with the main 

diagonal matrix 
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g. The original parity check matrix is now converted in to new 

encoded form  
While the traditional method of implementing the LDPC encoding would 

have required (n2 – k2)/2 computations, this new proposed method will 

require only (k+2)(n-k) for encoding which helps to improve both the 

performance at lower power consumption. Here n and k correspond to the 
length of the received signal and the uncoded message respectively. In the 

LDPC code word output, the input message is represented in the first k bits 

and the parity check includes the remaining (N-K) bits. 
 

5.2 LDPC Decoder 
 

A decoder on the other hand for a longer code will require more 
resources increasing the power consumption [13]. For the purpose of 

decoding the binary LDPC code, this block uses the belief propagation 

algorithm. No patterns in the parity-check matrix are assumed while 
decoding [14]. The signals are discrete in time and the output format 

parameters are set to information part and whole code word as required. The 

ML decoding of an LDPC code is an NP-complete problem.  
Min-Sum algorithm is the most preferred one for decoding as it reduces 

the decoder complexity. Here we devise a modified Min-Sum decoding 

algorithm for LDPC decoder. Hard decision decoding and soft decision 

decoding are the two major types of LDPC decoding algorithms. While the 
hard decision computes the check for every bit present in the code, the soft 

decision propagate probabilities through the Tanner graph. The sum-product 

algorithm belongs to the soft decision message passing algorithm. The four 
major steps involved in this LDPC decoder are: 

a. Initialization, where we initialize the bit to check messages 

b. Check messages where we check the node processing 
c. Test and go for decoding attempt 

d. Bit messages 

Here we try to reduce the complexity in implementing the decoder 

algorithm thereby saving time, power and also achieve improved 
performance of the decoder. With the help of row-layered schedule, we could 

pipeline the decoder which increases the circuit’s utilization. The LDPC 

decoder is represented in fig 7 below. We implement this relatively complex 
algorithm on a field-programmable gate array (FPGA) by developing a 

register transfer level (RTL) of a digital circuit. HLS helps us in synthesizing 

the hardware implementation and is very effective in reducing the design 

time. It also provides us the option of exploring different design alternatives. 
So, HLS for FPGA’s helps us as a good hardware synthesis method. The 

modified LDPC decoder algorithm is given as follows: 
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Figure 7. LDPC Decoder block diagram 

We implement this relatively complex algorithm on a field-

programmable gate array (FPGA) by developing a register transfer level 
(RTL) of a digital circuit. HLS helps us in synthesizing the hardware 

implementation and is very effective in reducing the design time. It also 

provides us the option of exploring different design alternatives. So, HLS for 
FPGA’s helps us as a good hardware synthesis method. The modified LDPC 

decoder algorithm is given as follows: 

Input: LDPC Code word represented by N-by-1 column vector. 

Output: Information bits or the message signal represented as a K-by-1 
column vector encompassing binary-valued elements. 

Process: 

a. The initial Log-Likelihood Ratio (LLR) values are obtained from the 
QAM demodulator output  

b. These values are used to check the node update which is the input to 

the horizontal step 
c. Process the messages to find the reply messages 

d. A vertical step is dedicated to process the messages to calculate the 

reply messages 

e. LLR values are now updated 
f. Hard decision is made  

The Min-Sum algorithm gets rid of the ‘tanh’ calculation involved in the 

above steps and hence it’s easier to implement. A scaling factor is applied to 
the check node update across iterations which helps to reduce the number of 

iterations. This in turn will improve the performance and reduce the power 

consumption. Since the min-sum algorithm is an error corrector that is based 

on the iteration and we can use the same hardware while keeping the other 
parts turned off, the performance improves naturally.This switch between the 

normal mode and low power mode reduces power at the cost of increased 

complexity. This iterative message decoding is represented in fig 8: 
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Figure 8. LDPC Iterative decoding 

 

The total power that is consumed because of this communication across 

the channel is given by: 
 

Ptotal = Pr + PDec                                                                           (5) 

 

Where Pr and PDeccorresponds to power consumed during transmission 
and decoding respectively. The channel variance noise is given by LLR 

metric as: 

 
LLR (r) = 2r / σn

2                                                                                       (6) 

 

where ‘r’ represents the received channel sample. 
The circuit wires consume power when the message changes its value. 

The probability of this depends upon the errors in the received word. With 

the proposed method, the messages tend to stabilize reducing the switching 

and hence the power consumed in the wires. Through this proposed method, 
we could overcome the below issues that are encountered in the traditional 

approach: 

 Low density arithmetic computations 

 Non-consecutive memory accesses based on the parity check 

matrix structure 

 Non-trivial parallelism 
Reed-Solomon (RS) codes are used in applications like space 

communication protocol specifications;however the decoding process of 

these codes converges only slowly. The LDPC decoder on the other hand has 
significant performance gain than the RS codes. This method of LDPC 

decoding will be greatly beneficial to the SDR community as it is used in 

protocols such as 802.16e (WiMAX), DVB 2nd gen etc [16]. The overall 

system model is given in fig 9 below: 
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Figure 9. A noisy AWGN channel with SISO decoder 

The physical layer implementation aims at providing a good adaptive 
coding along with a modulation scheme to provide a consistent frame error 

rate (FER) and bit error rate (BER). The improvement in the proposed 

technique originates due to the low code rate i.e., there is a relatively higher 
number of parity bits in the transmitted audio data. So, over a period, these 

small codes that are being transmitted help to improve the efficiency and 

reduce latency as they are shortened by filling and removing the unwanted or 

meaningless filler bits that are present in the information bits.  

 

6 Result and Discussions 
 

To validate the proposed algorithms, we have conducted over-the-air 

radio transmissions on the RTL-SDR platform. The host computer generates 

the information bits to be communicated. Every 2 bits together form a 
symbol. They are conditioned and further fed into the FPGA transmitter 

module. The FPGA output is then fed to the radio, which generates RF 

waveform to transmit through the antenna.  
On the receiver side, the signals are first received through the radio and 

processed by the receiver module on the FPGA. The decoded bits are now 

sent to the host PC through the output data bus. These bits are further 

converted as messages for display. Based on the processor used, we get 
additional options like SIMD optimizations that provide execution time 

reduction as compared to the baseline implementation.  

The MATLAB/Simulink starting from the release 2013b contains 
support package which has interface to RTL-SDR devices [18]. We could 

tune or set the following parameters: 

 Tuner gain: This is set through the input port. Automatic gain control 

function present on the chip can also be used for this purpose.  

 Rate of sampling: It is set through the block property and cannot be 
changed on the fly. 

 Centre frequency: Input port is used to set this frequency. 
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 Correction factor for frequency: Compensates for the local oscillator 

frequency error. 

The Simulink showing the multipath output is represented in fig 10 
below: 

 

 
 

Figure 10. MATLAB simulation output showing multipath correlation function 

The encoder and decoder modules are implemented using MATLAB and 

in HDL for comparison. The MATLAB simulation helps us to do system 

level study also to drive signals for FPGA in order to verify our design. We 
finally compare the performance of our proposed method through the delay, 

total memory usage and power consumption. 

 

6.1 LDPC Encoder 
 

The “comm.LDPCEncoder” package in MATLAB helps to encode 

binary low-density parity-check code. They are linear error control codes that 

can attain performance near the Shannon limit. 

 We create the object for comm.LDPCEncoder and set the 
properties. 

 We call the object further with arguments that are necessary  

The syntax is given as follows: 

ldpcencoder = comm.LDPCEncoder 
//This will create a binary encoder system object 

ldpcencoder = comm.LDPCEncoder(parity) 
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//This will set the property to parity and creates an object 
ldpcencoder = comm.LDPCEncoder(___,Name,Value) 

//Sets the properties using one or more name-value pairs. 

The properties are nontunable unless mentioned. We get the code word 
as output when we call the above function. We then compare the time taken 

and power consumption of this method of implementation with the one that 

we do directly with our algorithm. This is shown in table 1 below. 

 

Table 2. Comparison of LDPC encoder methods 

Resources involved Regular implementation Proposed Method 

Code Rate 3/4 5/6 

Block Length 2304 1942 

Frequency (MHz) 50 100 

Throughput 600 Mbps 1 Gbps 

Clock cycles 24 21 

Power Consumed (mw) 193 145 

The workflow advisor that is present in the Simulink will help to 

generate the HDL code for us. Except LDPC encoder and decoder, all other 

modules get the code generated by this. The entire transmitter and the 

receiver model is thus built and a FPGA bit file is generated as well. This is 
further targeted to the SDR hardware where the live testing happens. The 

SDR final unit is shown in fig 11 below: 

 

 

Figure 11. A compact SDR platform on an FPGA used for testing 

We have used two different FPGA boards, one for transmitting and other 
receiving the signals. Both the boards will have one antenna each and a 

daughter board with a centre frequency at 2.4 GHz. It also supports an 
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adjustable baseband sample rate at 245 KHz. Ethernet cable is used to 

connect the FPGA board with the host computer for sending and receiving 
the message signal. During the test, we separate the transmitter and receiver 

antenna to avoid conflicts. The decoded message is finally printed on the 

screen. The accumulative BER value is finally obtained for every 50 frames. 

 

6.2 LDPC Decoder 
 

The “comm.LDPCDecoder” package is used for decoding the binary low 

density parity-check code. It internally used the belief propagation algorithm 
for the purpose of decoding. The parity check matrix patterns are not 

assumed. In order to decode the signal,  

 Create the decoder object comm.LDPCDecoder and also set the 

properties  

 Provide arguments and call the above object 

The syntax is as follows: 
ldpcdecoder = comm.LDPCDecoder 

//This will create a decoder system object which in turn will do decoding 

based on the parity check matrix. 
ldpcdecoder = comm.LDPCDecoder(parity) 

//This will set the property to parity and also create decoder system 

object 
ldpcdecoder = comm.LDPCDecoder(___,Name,Value) 

//Using name-value pairs, this sets the properties. 

The above functions helps to decode the input code word based on the 

default parity-check matrix. The object performs LDPC decoding using the 
message-passing algorithm.Finally the decoded audio output is passed for 

further filtering and sent to speaker. 

 
Table 2. Comparison with two different methods of LDPC decoder implementation with 

three iterations 

 

 

 

 

 

 
 
 
 

Resources involved Regular implementation Proposed Method 

Device FPGA and Xilinx software tool 

LUT’s 5371 1640 

IO Buffers 84 58 

DSPs (Count) 226 72 

Memory usage (Mb) 475 284 

Power consumed (mw) 203 179.7 
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6.3 Iteration and Power Analysis 
 

For simulation results comparison, the input audio data quantization is 

kept to 6 bit for the LDPC module and this gives us a good compromise 
between the communication performance degradation and implementation 

complexity. 

 

 

Figure 12. Iteration analysis with the proposed method 

Fig 12 above represents the average number of iterations for different 
SNR values and we could observe the following: 

i. The highest gain is observed in the non-convergence SNR region (below 

15dB). We could save up to 4.7 iterations in this region alone thereby 
saving power as well. 

ii. In the waterfall SNR region, the maximum number of iterations is around 

5.5. We get good energy saving in this region as well. 

 

 
 

Power Optimized Detection of OFDM Signal in Low-Cost RTL-SDR Device  

 
12715



 
 

 

 

 
 

 

 
 

 

 

 

 

 

Figure 13. Iteration analysis with the proposed method 

Fig 13 shows that the coding gain of the proposed method is around 4.5 

dB more as compared to the convolution code discussed in the literature.  

 
6.4 Simulation of LDPC Component 
 

 

Figure 14. LDPC simulator output 
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Fig 14 represents the results from the simulator of the LDPC module. It 

includes both the encoder and decoder outputs. Different input signals are 

used to test the implementation. The hardware parameters like flip-flops, 
LUTs, clock signals and the timing results are extracted from the software. 

Overall the setup is useful for scalable communication systems that require 

error correction. 

 

6.5 Complexity Analysis 
 

The computational complexity of the proposed method is evaluated using 

the Giga Operations per Second (GOPS). They are not related to the 
hardware architecture and all of them cost just one operation. We take in to 

account the arithmetic computation, complex arithmetic, LUT access, 

memory access and branch. For LDPC decoding, the complexity of the 

proposed method is: 

 Kernel operations: Original, Min-Sum, LUT Min-Sum, offset and 
involves exponential as well as the logarithm calculation. 

 Recursion kernel: Address LUT, Memory Read/Write, permutation and 

this is divided into FR (Forward) and BR (Backward) part respectively 

 Loop structure and overall complexity: We find there are Tmax 

iterations involved also in each iterationthe matrix rows are processed 
sequentially.  

Early termination or the correction checks are not considered during this 

computation and they are generally negligible compared to the areas that we 
are targeting to optimize and save power. We find that the decoding 

complexity is proportional to the decoded bits number approximately. Also, 

when the operations cost is same, LDPC throughput is better as compared to 

the Turbo codes. LDPC complexity is less as compared to the other codes.  

 
7 Conclusion and Future Directions 

 

In this work, we have proposed a technique for power optimized radio 
detectionin SDR platform. Low Density Parity Check codes are more popular 

traditional code and adopted by many wireless standards for error correction. 

The next generation wireless standards demand reduced power and improved 

performance, which is provided by this proposed algorithm. The decoder 
especially uses adaptive word width data path, which helps to switch between 

the normal mode and the low power mode through the limited number of 

iterations. We have also explored low-power low-end SDR for spectrum 
monitoring tasks in this work. We found that when the RF bands are 

allocated based on the area and time dynamically, the spectrum monitoring 

works efficiently such that the interference to another user’s spectrum is very 

much minimized. Though we have considered the high-quality signals for 
our experiments, there are cases where the weak signals are mistaken as 
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noise and neglected. Therefore, methods for detecting weak burst signals 

need to be further addressed.  
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